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DETECTION OF OPTICAL ACTIVITY 

AS A SIGN OF LIFE 

D r .  John W. Westley 

Living organisms work a g a i n s t  t h e  law of inc reas -  
i n g  d i s o r d e r  and concent ra te  o rde r  w i th in  them- 
se lves .  One of t h e  m o s t  fundamental a s p e c t s  of 
t h i s  o r d e r  is  the  o p t i c a l  p u r i t y  of those  metabo- 
l i tes which are b u i l t  up i n t o  polymers (enzymes, 
n u c l e i c  a c i d s )  and as  a consequence of t h i s ,  bio- 
l o g i c a l  p rocesses  usua l ly  e x h i b i t  s teric ( o p t i c a l )  
d i sc r imina t ion .  

Gas Liquid Chromatographic (G.L .C. ) procedures 
have been developed whereby important  metabol i tes  
such a s  amino a c i d s  can be scanned f o r  o p t i c a l  
a c t i v i t y  wi th  very high s e n s i t i v i t y .  
combination of G.L.C. and mass spectrometry w e  
have found a method of r a t i o - d e t e c t i o n  a s  w e l l  
a s  i d e n t i f i c a t i o n  of o p t i c a l l y  a c t i v e  compounds. 
More r e c e n t l y  w e  have observed t h a t  w i th in  24 
hours  of i nocu la t ing  n o n - s t e r i l e  s o i l  wi th  a 
racemic mixture  of c e r t a i n  s u b s t r a t e s ,  marked 
changes i n  t h e  D:L r a t i o  of  the unused s u b s t r a t e  
can be de t ec t ed .  

By us ing  a 
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Biogenetic macromolecules, having ordered asymmetric centers, con- 

tain the necessary information to discriminate among the optical 

isomers of monomeric substrates. This one intrinsic property of 

"life-associated" molecules which may be unique, will allow almost 

positive identification of the existence or at least previous exis- 

tence of extraterrestrial life. ' This discrimination of optical 

isomers is virtually equivalent to biogeny. Paradoxically, the di- 

rect measurement of optical activity by polarimetry is an inher- 

ently insensitive method. Most biologically interesting compounds 

such as the amino acids and sugars, have small specific rotations 

and thus at least 10 pg of optically pure material is needed. 

We have now found a sensitive technique for demonstrating the asym- 

metry of D,L amino acids. 

ride as the resolving agent, the diastereoisomers of neutral amino 

acids can be separated by gas liquid chromatography (G.L.C.) and 

Using N-trifluoracetyl-L-prolyl chlo- - - 

as little as 0.1 yg of each antipode can be detected. 3 ,4  

t 
/ 

Fig. 1. Preparation of Diastereoisomers 

The method of preparing diastereoisomers is summarized in Fig. 1 

and a typical gas chromatographic separation of a synthetic mixture 

of D,L amino acids as their N-trifluoracetyl-L-prolyl - peptide 

methyl esters is illustrated in Fig. 2. 
- 
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Fig .  2 .  GLC Resolut ion of Diasteroisomers  

. 
I '  

Amino a c i d s  i n  the s o i l  could be i d e n t i f i e d  and t h e i r  o p t i c a l  p u r i t y  

determined by comparison of r e t e n t i o n  t i m e s  on the  gas  chromatograph 

w i t h  a known sample. However, a peak der ived from m a t e r i a l  other 

than amino a c i d s  could cause confusion and t h e r e f o r e  an a d d i t i o n a l  

method of i d e n t i f i c a t i o n  i s  necessary.  W e  have now used mass spec- 

t romet ry  to  i d e n t i f y  the GLC peaks a s  w e l l  a s  providing a method of 

accura t e ly  determining the r a t i o  of o p t i c a l  an t ipodes .  
5 

For t h i s  purpose w e  prepared an a r t i f i c i a l  mixture of D and L enan- 

t iomer ic  r e so lv ing  agen t s ,  i n  which t h e  L reagent  was l abe led  w i t h  

2 deuterium atoms (L*). 

t h e  product  was gas  chromatographed and the peaks c o l l e c t e d  and 

passed i n t o  a mass spectrometer .  For each symmetrical molecule 

(e .g . ,  g l y c i n e ) ,  t h e  D and L r eagen t s  a r e  unresolved and the l a b e l  

r a t i o  w i l l  remain uniform through t h e  peak. However, i f  an asym- 

metric molecule i s  encountered, which g ives  rise to r e so lvab le  d i -  

as te reo isomers ,  the  deutera ted  reagent  w i l l  be concentrated i n  one 

peak,  d i s t o r t i n g  the r a t i o .  I f  the t a r g e t  molecule i s  racemic 

( D  - _  L ) ,  two peaks w i l l  a l s o  be formed (one conta in ing  L*D - p l u s  D - L ;  

the  o t h e r  L*L p l u s  D D); b u t  the l a b e l  r a t i o  i n  each peak w i l l  re- 

main cons t an t .  W e  chose trifluoracetyl-thiazolidine-4-carboxylic 

a c i d  ch lo r ide  a s  t he  reagent ,  because both enantiomers a r e  a v a i l -  

a b l e ,  and d e u t e r i u m  can be incorpora ted  i n t o  p o s i t i o n  2 w i t h  deu- 

teroformaldehyde. Also mass spec t romet r ic  f ragmentat ion p a t t e r n s  

A f t e r  coupl ing w i t h  the t a r g e t  m a t e r i a l ,  

- - 
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of i t s  condensates wi th  amino a c i d  esters y ie lded  c h a r a c t e r i s t i c  

peaks which could be used t o  i d e n t i f y  t h e  reagent  and t h e  amino 

a c i d  (F ig .  3). 

k F ,  a 5  
Fragment a 

m / e  184 

tocq Base Peak, fragment b ,  M-156 

F ig .  3. Mass S p e c t r a l  Fragmentation of TFA-Thiazolidine- 
4-Carboxylic Acid Condensation Products  

I n  a t y p i c a l  a s s a y ,  t h e  amino a c i d  sample was e s t e r i f i e d  wi th  t h i o -  

ny l  chloride-methanol and the excess reagent  and so lven t  removed. 

An excess of t h e  r e s o l v i n g  agent (L* p l u s  D )  i n  an i n e r t  so lven t  

was added t o  the  r e s idue  and t h e  suspension n e u t r a l i z e d  wi th  t r i -  

ethylamine. A f t e r  washing with wa te r ,  t h e  s o l u t i o n  was i n j e c t e d  

i n t o  t h e  gas  chromatograph and t h e  emerging components c o l l e c t e d  

f o r  i n t r o d u c t i o n  i n t o  t h e  mass spec t rometer .  By monitoring t h e  

r a t i o  fo r  fragment ( a )  [184:186] a s  w e l l  a s  t h e  r a t i o  (b :b+l )  f o r  

t h e  base peak (M-156)] a f a s t  s e n s i t i v e  r eco rd ing  f o r  o p t i c a l  

a c t i v i t y  was ob ta ined .  I n  a d d i t i o n ,  t h e  p o s i t i o n  of the  base 

peak was a l s o  used t o  confirm t h e  i d e n t i t y  of t h e  o p t i c a l l y  a c t i v e  

amino a c i d s  p r e s e n t  (Table 1 ) )  (Fig .  4 ) .  

The u t i l i t y  of mass spec t romet r ic  d e t e c t i o n ,  t h u s  s u b s t a n t i a t e d ,  

p o i n t s  t o  a gene ra l  method f o r  t h e  speedy, f a c i l e  d e t e c t i o n  and 

i d e n t i f i c a t i o n  of minute amounts of o p t i c a l l y  a c t i v e  m a t e r i a l s .  

Hardware f o r  d i r e c t  coupling of t h e  gas  chromatograph t o  t h e  mass 

spec t rometer  was n o t  y e t  a v a i l a b l e  t o  us  f o r  t h i s  s tudy .  However, 

t h e  r e s u l t s  of o t h e r  workers sugges ts  t h a t  t h e  technique should 

3 
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Table 1 

MASS SPECTRAL MONITORING OF G.L.C. FRACTIONS CORRECTED 

FOR ISOTOPIC ABUNDANCE* 

Molecular Weight 

tity of Amino Acid 

G.L.C. Ratio(a:a+2) Fragment(b) Ratio (b+156) and Iden- Optical Identity 
of Fraction Fraction m/e 184: 186 m/e (b:b+l) 

28:2.5 

1:24 

38: 41 

158 100: 8.5 314-alanine 

158 4.5:lOO 314-alanine 

144 97:lOO 300-glycine 

L 

L 

DL 

4 55: 56 172 100:96 328-aminobutyric acid DL 

5 33 : 32 172 100:98 328-aminobutyric acid DL 

6 2.5:33 200 8.5: 100 356-leucine D 

7 23: 2 200 100: 8 356-leucine D 

8 100: 2 184 100: 5 340-proline L 

9 12: 31 184 12:lOO 340-proline L 

* 
G.L.C. analysis were carried out on a Wilkens 6 0 0 C  aerograph, fitted with a micro 
collector and using a 5' X 1/8" S.S. column containing 5$ SE 30 on chromosorb W. 
The separation temperature was 180 "C and the N 

Mass Spectra were determined on a Bendix-Time-of-Flight Spectrometer and the col- 
lected sample fractions introduced directly into the ion source. 

flow was 28 ml/min. 2 

t hus  have a s e n s i t i v i t y  i n  t h e  submicrogram or nanogram range ,  ren- 

de r ing  i t  u s e f u l  f o r  t he  monitoring of metabolic r e a c t i o n s  a s  w e l l  

a s  t h e  i d e n t i f i c a t i o n  of accumulated asymmetric me tabo l i t e s .  

4 
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C u  Carautogr8ph* 

rC.L.C. Fraction: 
1. D reagent-~~lanine 
2. L* reylent-l_talanine 
3. D reylent-glyclm and L* reagent-glycine 
4. D reuent-& 8dnobutyric8cid and L* re8gent-l) aminobutyric8cid 
5. D re-nt-g 8dnobut~ric8cld and L* re8gent-G.rinobutyric.cid 
6. L* reymt-&leucine 
7. D reagent-l) leucine 
8. D n88mt-GptoliM 
9. L* nagant-& proline 

Fig. 4 .  A n a l y t i c a l  Resolution of Label led  Input  Reagent 
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T h i s  a n a l y t i c a l  technique can a l s o  be  used t o  a s say  f o r  l i v i n g  sys- 

t e m s .  

volved the  use  of GLC t o  monitor the  s t e r o - s p e c i f i c  usage of sev- 

e r a l  racemic amino a c i d  s u b s t r a t e s  when mixed w i t h  soil. I n  m o s t  

c a s e s ,  enzymatic a c t i v i t y  could be demonstrated a f t e r  18-24 hours .  

I n  a t y p i c a l  a s s a y ,  s o i l  ( l o g ) ,  t h e  racemic amino a c i d  s u b s t r a t e  

( l O m g ) ,  and d i s t i l l e d  water (lOml) w e r e  t aken  a t  room temperature.  

From t i m e  to  t i m e  a l i q u o t s  (approx. l m l )  w e r e  removed and d i l u t e d  

wi th  water  ( 1 0 m l ) .  

n a t e n t  s o l u t i o n  l y o p h i l i s e d .  The remaining amino-acid was ana- 

lyzed  by conversion i n t o  d ias te reo isomers  a s  descr ibed  i n  F ig .  l 

and i n j e c t i o n  i n t o  t h e  gas chromatograph. By computing t h e  peak 

a r e a s  of t h e  two d ia s t e reo i somers ,  a f a s t  s e n s i t i v e  record ing  of 

unused D/L amino a c i d  concent ra t ion  could be obta ined  (Table 2 

and F ig .  5 ) .  

An example of t h i s  i s  our l a t e s t  experiment which has  i n -  

The s o i l  was c e n t r i f u g e d  down and t h e  super- 

Our r e s u l t s  show t h a t  t h e  L-antipodes of the s u b s t r a t e s  a r e  p r e f e r -  

e n t i a l l y  a t t a c k e d ,  bu t  t h a t  d i f f e r e n t  amino a c i d s  a r e  used a t  d i f -  

f e r e n t  r a t e s .  The observa t ion  t h a t  t h e  s t e r e o s p e c i f i c  a c t i o n  i s  

l o s t  a f t e r  h e a t  s t e r i l i z a t i o n  of t he  so i l s ,  confirms t h a t  a b io log i -  

c a l  p rocess  i s  involved. Whilst the  e x a c t  na tu re  of t h e  b i o l o g i c a l  

system re spons ib l e  f o r  the  s t e r o s p e c i f i c  a t t a c k  i s  a s  y e t  no t  known, 

t h e  k i n e t i c s  of t h e  experiment (Fig.  5)  sugges t  an exponent ia l  i n -  

crease of a c t i v i t y ,  which would be c o n s i s t e n t  wi th  growth of 

microorganisms. 
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